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The oscillation forms of piezoelectric transducer depend on geometrical shape, dimensions, excitation and type of its material. Piezoceramic transducer can have natural and piezoactive vibration forms and accordingly, there are complex shapes of vibrations. Piezoactive vibration forms can be excited by harmonic electric field, applied to electrodes. The complex vibration form is superimposition of natural ones. The main causes of this effect are shape geometrical proportions [2, 4] .
The aim of experimental investigation of hemisphere piezoelectric transducers is to obtain the full picture of distribution of oscillations, nodes and deformations in case when there is asymmetrical excitation. There are numbers of advanced measurement technologies, such as Laser Displacement Sensor, Laser Doppler Vibrometry system and PHASE III PRISM System that perform noncontact measurement of deformations and oscillations. The latter also identifies vibration pattern [5] [6] [7] . Experimental results were verified using numerical calculations based on finite element method (FEM) [8, 9] . This paper presents the hybrid experimentalnumerical investigation of operating regimes of three piezoceramic actuators. The schematics of hemisphere piezoelectric transducers were developed in the Mechatronics Centre for Research, Studies and Information of Kaunas University of Technology. The hybrid numericalexperimental investigation included the following tasks: (a) to investigate the vibrating piezoelectric transducer using time-average holographic interferometry; (b) to compose the numeric model of piezoelectric transducer and (c) -to investigate it by using eigenfrequency analysis. 
Experimental setup
The objects of experimental and numerical investigation were three hemisphere piezoelectric transducers (positioning on the plane, 2 DOFs). Piezoelectric transducers were designed to perform positioning operation by translational motion. The object of interest is oscillations occurring in working regime. The excitation regimes were selected experimentally.
Three Experimental investigation was performed using the PHASE III PRISM system (measurement resolution -20 nm, measurement range -100 μm, largest part size -1000 mm, working distance > 1.3 m, data acquisition rate -30 Hz, laser power -20 mW, laser wavelength -532 nm), produced by Hytec Company [10] . The PRISM working principle is based on a time-average and real-time holographic interferometry techniques [11] . Experiments were Results were confirmed using commercial software COMSOL Multiphysics, based on FEM [12] . It was used to determine the natural vibration modes.
Results

Hybrid numerical -experimental investigation is composed of holographic technique investigation and FEM eigenfrequency analysis.
Positioning devices on the plane. The experimental investigation of three positioning actuators (Figs. 1-3 ) was made in their typical operation mode; results are presented in Figs. 4 -10 , a-b. Contact pins positions are marked and numbered. The numbering of contacting pins and segmented electrodes corresponds.
The experimental investigation showed that oscillation pattern has clearly expressed the form for No 1 and No 3 positioning actuators (Figs. 4, a -6, a; 8, a -10, a) . There are four oscillating regions separated with node lines, which appear as brightest lines in holographic image. Oscillation patterns of all the actuators are rotated by 120° degrees for each of three electrodes. The active electrode and particular contacting pin, situated in the area of that electrode, are related as particular pin appears in front of the highest oscillation amplitude region, while remaining pins are situated near nodal regions. The No 2 positioning actuator has complex vibration form, but show the interrelation of active electrode and locating pin (Figs. 7, a-c) .
Analysis of holographic images resulted in composition of deformation amplitude graph. There x-axis represents the distribution of fringes and y-axis -the deformation amplitude and zeroes of Bessel function (Figs. 4, c -10, c) . It showed that oscillation amplitudes differ when excited by different electrodes. When 1st electrode of actuators No 1 is connected to signal generator, the oscillation amplitude (Fig. 4, b) is 0.9 ȝm. When 3rd electrode is connected to signal generator -the amplitude is 0.5 ȝm (Fig. 6, b) . This can be caused by electrode layer and piezoceramic material promiscuity. Consequently, the variation of oscillation amplitude for different excitation combinations causes variations of transversal speed. The transversal speed could be changed by controlling voltage of excitation signal. 
Conclusions
Combination of experimental and numerical investigation mutually expands and verifies information of experiment. The investigation of positioning actuators located on three positing pins showed that translational motion is based on unidirectional pins position changes. Typical pins position changes were analogues to very different geometry actuators (actuator No 1 and No 3), while the actuators sustained very different total body deformations.
Electrodes distribution determines the rotation of oscillation pattern. The active electrode and particular locating pin situated in the area of that electrode are related as particular pin appears in front of the highest amplitude vibration region, when that electrode is excited. The particular pin sustains highest position changes and determines the translational motion direction.
